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7KH UHGXFWLRQ RI PRYLQJ PDVVHV LV RI SDUDPRXQW
LPSRUWDQFH IRU LQFUHDVLQJ HQHUJ\ HIILFLHQF\ RI
PDFKLQHU\ YHKLFOHV DQG HTXLSPHQW 7KXV OLJKWZHLJKW
GHVLJQV ZLOO LQFUHDVLQJO\ JDLQ LQ LPSRUWDQFH $
SRVVLELOLW\IRUZHLJKWUHGXFWLRQOD\VLQWKHDSSOLFDWLRQRI
OLJKW VXSSRUWLQJ VWUXFWXUHV VXFK DV IRU H[DPSOH
DOXPLQXP VSDFH IUDPH VWUXFWXUHV ZKLFK DUH DOUHDG\
SURJUHVVLYHO\ XVHG LQ WKH DXWRPRELOH DQG DYLDWLRQ
LQGXVWU\>@$WWKHVDPHWLPHWKHDXWRPRELOHLQGXVWU\
H[SHULHQFHV D WHQGHQF\ WRZDUGV FRQVLGHULQJ LQGLYLGXDO
FXVWRPHU GHPDQGV 7KLV OHDGV WR D JUHDWHU GLYHUVLW\ RI
YDULDQWVDQGWKXVWRDUHGXFWLRQRITXDQWLW\>@
)XOO\ DXWRPDWHG SURFHVV FKDLQV WKDW DUH DEOH RI
SURGXFLQJ YDULRXV FRPSRQHQWV ZLWKRXW LQWHUUXSWLRQ DUH
VXLWDEOH IRU WKH FRVWHIILFLHQW SURGXFWLRQ)RU HFRQRPLF
UHDVRQV KRZHYHU WKH\ DUH VHOGRP DSSOLHG ZKHQ
SURGXFLQJOLJKWVXSSRUWLQJVWUXFWXUHVGXHWRWKHLUODFNRI
IOH[LELOLW\ 6SHFLDO GHYLFHV RU DGDSWHG PDFKLQHV DUH
UHTXLUHG IRU WKH DVVHPEO\ RI VSDFH IUDPH VWUXFWXUHV
7KHLUDSSOLFDWLRQWKRXJKLVYHU\H[SHQVLYH7RVDIHJXDUG
SURILWDELOLW\LWQHHGVWREHGRQHZLWKRXWWKRVHGHYLFHVLQ
WKH IXWXUH 7KHUHIRUH WKH SUHFLVH SRVLWLRQLQJ RI WKH
MRLQLQJSDUWQHUV LQ VSDFHFRQVWLWXWHV D FHQWUDO FKDOOHQJH
WR WKH DXWRPDWHG IOH[LEOH DQG WR D JUHDW H[WHQW
IL[WXUHOHVVDVVHPEO\>@
7KHSUHFLVHSRVLWLRQLQJPD\EHUHDOL]HGZLWKIOH[LEOH
KDQGOLQJ GHYLFHV LQ FRPELQDWLRQZLWK LQGXVWULDO URERWV
+RZHYHU LQGXVWULDO URERWV GR QRW RSHUDWH SUHFLVHO\
HQRXJK 7KH\ WKXV QHHG WR EH VXSSOHPHQWHG E\ D
PHDVXULQJ V\VWHP IRUGHWHUPLQLQJ WKHH[DFWSRVLWLRQRI
WKHFRPSRQHQWV WREH MRLQHG7KLVVFLHQWLILFSDSHUVKDOO
SUHVHQW D V\VWHP IRU WKH IL[WXUHOHVV SRVLWLRQLQJ RI
URWDWLRQV\PPHWULFDO FRPSRQHQWV DV ZHOO DV LWV
HPSOR\DELOLW\>@
5HTXLUHPHQWVDQGVWDWHRIWKHDUW
6\VWHPV IRU WKH WKUHHGLPHQVLRQDOPHDVXUHPHQW DQG
IL[WXUHOHVV DOLJQPHQW RI MRLQLQJ SDUWQHUVPXVWPHHW WKH
IROORZLQJUHTXLUHPHQWV>@
x )RU WKH DVVHPEO\ RI VSDFH IUDPH VWUXFWXUHV WKH
SRVLWLRQ DQGRULHQWDWLRQRI VHYHUDO FRPSRQHQWVPXVW
EHPHDVXUHGDQGDOLJQHGLQGHJUHHVRIIUHHGRP[
\]$%&
x %RWK KDUGZDUH DQG VRIWZDUH PXVW EH XVHDEOH IRU
GLIIHUHQW FRPSRQHQWV ZLWKRXW UHTXLULQJ D PDFKLQH
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FKDQJHRYHU RU DGMXVWPHQWV RI WKH DOJRULWKPV IRU WKH
HYDOXDWLRQ RI WKH PHDVXUHPHQW GDWD LQ RUGHU WR
SURYLGHPD[LPXPIOH[LELOLW\
x 7KHPHDVXUHPHQW DQGDOLJQPHQWRI WKHGHJUHHVRI
IUHHGRP DUH DOVR FDUULHG RXW IRU URWDWLRQDOO\
V\PPHWULFDOFRPSRQHQWVVXFKDVWXEHVRUEDOOV
x 7KHDOLJQPHQWSURFHVVPXVWEHIDLOVDIHDQGVKRXOG
DOORZWKHDOLJQPHQWRIMRLQLQJSDUWQHUZLWKRXWIRUFH
DSSOLFDWLRQLISRVVLEOH

$SSURDFKHV WKDW ZRXOG PHHW WKHVH RU VLPLODU
UHTXLUHPHQWV IRU IL[WXUHOHVV DVVHPEO\ SURFHVVHV ZLWK
LQGXVWULDO URERWV KDYH DOUHDG\ EHHQ GHILQHG +RZHYHU
WKHVH DSSURDFKHV DUH JHQHUDOO\ OLPLWHG WR VSHFLILF
DSSOLFDWLRQV DQG RIIHU RQO\ OLPLWHG IOH[LELOLW\ 6RPH RI
WKHPRVW LPSRUWDQW DSSURDFKHV DUH SUHVHQWHG LQ >@
7KHVH DSSURDFKHV XVH RSWLFDO PHDVXULQJ V\VWHPV WR
PHDVXUH WKH VSDWLDO ORFDWLRQ DQG RULHQWDWLRQ RI WKH
FRPSRQHQWV,QPRVWFDVHVWKHGHWHFWLRQSURFHVVIRUWKH
FRPSRQHQWV LV EDVHG RQ WKH LGHQWLILFDWLRQ RI
FKDUDFWHULVWLF IHDWXUHV VXFK DV HGJHV DQG ERUHV :KHQ
WKH VKDSH RI WKH FRPSRQHQW LV NQRZQ LW LV SRVVLEOH WR
GHILQH WKH VSDWLDO ORFDWLRQ DQG RULHQWDWLRQ RI WKH
FRPSRQHQW EDVHG RQ WKLV NQRZOHGJH 5RWDWLRQ
V\PPHWULFDOSDUWVVXFKDVVSKHUHVDQGDOOSURILOHVZLWKD
FLUFXODU FURVV VHFWLRQ GRQRW SRVVHVV DQ\ FKDUDFWHULVWLF
IHDWXUHV WKDW FRXOG EH PHDVXUHG DFFXUDWHO\ IRU D
GHWHUPLQDWLRQ RI WKH FRPSRQHQW RULHQWDWLRQ 7KHUHIRUH
WKHVH PHWKRGV DUH XQVXLWDEOH IRU WKHVH NLQGV RI
FRPSRQHQWV )XUWKHUPRUH WKH IOH[LELOLW\ RI WKHPHWKRG
LV OLPLWHGEHFDXVHWKHDOJRULWKPVXVHGIRUPHDVXUHPHQW
GDWD HYDOXDWLRQ DQG VRPHWLPHV DOVR WKH KDUGZDUHPXVW
EHDGMXVWHGZKHQHYHUDQHZDQGGLIIHUHQWFRPSRQHQWLV
KDQGOHG>@
7R VXP XS WKH PRVW VXLWDEOH DSSURDFK UHVSRQGV WR
WKH LQGLYLGXDO FKDUDFWHULVWLFV +RZHYHU WKHUH LV QR
DSSURDFK WKDW IXOILOV WKH GHPDQGV RI D IL[WXUHOHVV
DVVHPEO\RIURWDWLRQV\PPHWULFDOFRPSRQHQWV
$SSURDFKIRUWKHIL[WXUHOHVVSRVLWLRQLQJRI
FRPSRQHQWV
7KHIROORZLQJVKDOOSUHVHQWDQDSSURDFKWKDWDOORZVWKH
H[DFW SRVLWLRQLQJ RI DOXPLQXP H[WUXVLRQ SURILOHV
WRZDUGV HDFK RWKHU DV IL[WXUHOHVV DV SRVVLEOH 7KH
SURILOHV¶ H[DFW SRVLWLRQLQJ GXULQJ WKH DVVHPEO\ SURFHVV
LVDFKLHYHGZLWKDFRPSRQHQW LQKHUHQWVFDOH7KLVVFDOH
LV DSSOLHG RQWR WKH H[WUXGHG VHFWLRQ¶V VXUIDFH ZLWK D
VSHFLDOPDUNLQJODVHULQSUHYLRXVO\GHILQHGLQWHUYDOV
)LJXUH  VKRZV WKH SURFHGXUH IRU DOLJQLQJ WKH SURILOH
7KHFRPSRQHQWVWREHSRVLWLRQHGDUHSUHDUUDQJHGE\DQ
LQGXVWULDOURERW$IWHUZDUGVWKHPDUNLQJVDUHUHDGZLWK
D VWHUHR FDPHUD V\VWHP DQG WKH SRVLWLRQLQJ RI WKH
FRPSRQHQWV WRZDUGV HDFK RWKHU LV HYDOXDWHG 7KH
VXEVHTXHQW SRVLWLRQLQJ RI RQH FRPSRQHQW WR DQRWKHU LV
SUHFLVHO\FDUULHGRXWE\LQGXVWULDOURERWV7KLVSURFHVVLV
UHSHDWHGXQWLOWKHILQDOMRLQLQJSRVLWLRQKDVEHHQUHDFKHG
>@>@

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)LJ&ORVHGORRSV\VWHPIRUWKUHHGLPHQVLRQDODOLJQPHQWRIMRLQLQJ
SDUWQHUV'2)ZLWKWKHWDUJHWYDOXHRIOHVVWKDQPPLQ0DWODE
RSHUDWLRQ>@
7KH IROORZLQJ VKDOO SUHVHQW WKH YDOLGDWLRQ RI WKH
DSSURDFK)RUWKLVSXUSRVHWKHDFFXUDF\RIWKHGHWHFWLRQ
RIWKHPDUNLQJVLVGHWHUPLQHGILUVWDQGWKHHPSOR\DELOLW\
LV GHULYHG IURP WKLV YDOXH DIWHUZDUGV )LQDOO\ WKH
YDOLGDWLRQRIWKHRYHUDOODSSURDFKLVSUHVHQWHG
9DOLGDWLRQRIWKHPDUNLQJGHWHFWLRQ
,Q RUGHU WR YDOLGDWH WKH SURFHVV RI WKH VSDWLDO
DUUDQJHPHQWRIMRLQLQJSDUWQHUVZLWKRXWDQ\IL[WXUHVWKH
ILUVWVWHSFRQVLVWVRISHUIRUPLQJDVHULHVRIH[SHULPHQWV
WRGHILQHWKHDFFXUDF\DQGWKHPD[LPXPFRYHUDJHRIWKH
PHDVXULQJV\VWHP
)RU WKHH[SHULPHQWVDVWHUHRFDPHUDV\VWHPZDVVHW
XS 7KH VWHUHR FDPHUD V\VWHP IRU WKH H[SHULPHQWV LV
PRXQWHG RQ D ILYHD[LV PLFURPDFKLQH WRRO ILJXUH 
7KLV LQVWDOODWLRQ DOORZHG PRYLQJ WKH FRPSRQHQWV RQ
ZKLFK WKH PDUNLQJV KDYH EHHQ DSSOLHG DQG WKH
PHDVXUHPHQW V\VWHP UHODWLYH WR HDFK RWKHU LQ D KLJKO\
SUHFLVH ZD\ 7KH PDUNLQJV IRU WKH H[SHULPHQWV DUH
DSSOLHG RQ D SODQH DQG D URXQG UDGLXV  PP
DOXPLQXPSDUW

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
)LJ7HVWVHWXSIRUYDOLGDWLRQPHDVXUHPHQWV\VWHP
)RU WHVWLQJ WKH PHDVXUHPHQW V\VWHP DQG WKH
PHDVXUHPHQW DOJRULWKPV WKH D[HV ZHUH H[DPLQHG
VHSDUDWHO\ DQG WKH SRVLWLRQ DQG RULHQWDWLRQ RI WKH
FRPSRQHQW DUH FKDQJHG LQ VWHSV RI PP DQG  XQWLO
WKHPDUNLQJWKDWKDVEHHQDSSOLHGRQWKHSDUWFDQQRWEH
FDSWXUHG DQ\PRUH E\ WKH PHDVXUHPHQW V\VWHP 7KH
PHDVXULQJ RI WKH %D[LV IURP WKH SHUVSHFWLYH RI WKH
PDUNLQJLVSHUIRUPHGE\WXUQLQJWKHFRPSRQHQWE\
>@
7KH DYHUDJH DFFXUDF\ PHDQ GHYLDWLRQ IURP WKH VHW
SRLQWV LQ GHWHUPLQLQJ WKH WUDQVODWLRQDO SRVLWLRQV [ \
DQG ] DQG WKH DYHUDJH DFFXUDF\ LQ GHWHUPLQLQJ WKH
URWDWLRQV$%DQG&DUHVKRZQLQWDEOH>@
7DEOH$YHUDJHDFFXUDF\
 3ODLQVXUIDFH 5RXQGVXUIDFH
[GLUHFWLRQ>PP@  
\GLUHFWLRQ>PP@  
]GLUHFWLRQ>PP@  
$URWDWLRQ>@  
%URWDWLRQ>@  
&URWDWLRQ>@  

7KHVH ILQGLQJV LOOXVWUDWH WKDW WKH SRVLWLRQV RI WKH
PDUNLQJV PD\ EH FDSWXUHG ZLWK DQ H[WUHPHO\ KLJK
DFFXUDF\7KXV WKH VWHUHR FDPHUD V\VWHP LV VXLWDEOH WR
EHLQWHJUDWHGLQWRWKHRYHUDOODSSURDFK
6WDWLVWLFYDOLGDWLRQRIWKHRYHUDOODSSURDFK
7KH YDOLGDWLRQ RI WKH PDUNLQJ GHWHFWLRQ LQ WKH
PHDVXULQJHQYLURQPHQW LVIROORZHGE\WKHYDOLGDWLRQRI
WKHRYHUDOODSSURDFKZKLFKLVSHUIRUPHGE\DQLQGXVWULDO
URERW DQG D PHDVXULQJ GHYLFH 7KH UHTXLUHG WHVWV DUH
FDUULHG RXW E\ D SURWRW\SH UHODWLYH WR D UHDO SURGXFWLRQ
HQYLURQPHQW WR LPSOHPHQW WKHRYHUDOO VROXWLRQ)RU WKLV
REMHFWLYH WKH V\VWHP¶V VPDOOHVW UHVROYDEOH LQFUHPHQW
ZDVGHWHUPLQHGILUVW
5.1. Determining the smallest resolvable increment  
7KH VPDOOHVW UHVROYDEOH LQFUHPHQW RI WKHPRYHPHQW
RI WKH REVHUYHG FRPSRQHQW LV QHFHVVDU\ IRU FDOFXODWLQJ
WKH MRLQLQJHOHPHQWV¶ WUDMHFWRU\ZKHQFRPSHQVDWLQJ WKH
GHYLDWLRQV DV ZHOO DV IRU GHWHUPLQLQJ WKH WHUPLQDWLRQ
FULWHULRQZKHQDUUDQJLQJWKHMRLQLQJSDUWQHUV
)RU WKLV SXUSRVH D VWUDLJKW URXQG FRPSRQHQWZLWK D
UDGLXVRIPPZDVILUVWPRYHGDORQJWKH[D[LVRIWKH
FRPSRQHQWPDUNLQJ LQ GLIIHUHQW LQFUHPHQWV $IWHU WKDW
WKH VDPHZDVSHUIRUPHG IRURULHQWDWLRQ$DURXQG WKH]
D[LV 7KH WDUJHW YDOXHV IRU WKH PRYHPHQW RI WKH
LQGXVWULDO URERW OD\ EHWZHHQ PP DQG PP RU
UHVSHFWLYHO\EHWZHHQDQG7KHDFWXDOGLVWDQFH
WUDYHOOHGZDVPHDVXUHGZLWKWKHODVHUWUDFNHU7KHODVHU
WUDFNHU¶V DFFXUDF\ OD\V DW  P ,W VKRXOG EH QRWHG
WKDW WKHPHDVXUHPHQWXQFHUWDLQW\RI WKH ODVHU WUDFNHU LV
QRWRSWLPDO IRUDGHVLUHGDOLJQPHQWDFFXUDF\RI MRLQLQJ
SDUWQHUV7KHDFFXUDF\RIODVHUWUDFNHUWKRXJKLVQRWDEOH
WREHDFKLHYHGE\RWKHUDOWHUDWLYHPHDVXUHPHQWV\VWHPV
VXFKDVPRELOHFRRUGLQDWHLQGH[DUPDVZHOO+RZHYHU
WKHVHPHDVXUHPHQWXQFHUWDLQWLHVDUHLQDQDUHDZKLFKKDV
QRGHFLVLYHLQIOXHQFHRQWKHUHVXOWDQDO\VLVLQWKLVSDSHU
7KHPHDVXULQJVHWXSLVGHSLFWHGLQILJXUH


)LJ7HVWFRQILJXUDWLRQIRUYDOLGDWLRQRIRYHUDOODSSURDFK
7KLV PHDVXUHPHQW VHWXS SRVLWLRQHG D VWUDLJKW URXQG
SURILOHZLWKDUDGLXVRIPPLQYDU\LQJVWHSVDORQJWKH
[D[LV 7KH WDUJHW YDOXHV ZHUH WUDQVIHUUHG WR WKH
LQGXVWULDOURERWDQGWKHGLVWDQFHWUDYHOOHGZDVPHDVXUHG
ZLWKDODVHUWUDFNHU,QWKLVPHDVXULQJVHWXSWKHVPDOOHVW
UHVROYDEOH LQFUHPHQW WR EH GHWHUPLQHG OD\ DW PP
DQG
5.2. Spatial alignment of joining partners 
7KH RYHUDOO VROXWLRQ PD\ EH XVHG IRU WKH H[DFW
SRVLWLRQLQJ RI MRLQLQJ SDUWQHUV LQ VSDFH LI WKH
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
FRPSRQHQWV WREH MRLQHGFDQEHPRYHG LQD WUDQVODWRU\
DQG URWDWRU\ ZD\ ZLWK D GHILQHG DPRXQW $ VWDWLVWLFDO
DQDO\VLV KDV SURYHQ WKH DELOLW\ IRU SRVLWLRQLQJ)RU WKLV
SXUSRVHVWUDLJKWDQGEHQWURXQGSURILOHJHRPHWULHVZHUH
XVHGIRUYDOLGDWLRQ'LIIHUHQWSRVLWLRQLQJPRYHPHQWV LQ
WKHVL[GHJUHHVRIIUHHGRP[\]$%&DUHH[HFXWHG
ZLWKWKHPHDVXUHPHQWVHWXSGHVFULEHGDERYH$IWHUHDFK
VWHS WKH\ DUH GHWHFWHG ZLWK WKH FDPHUD V\VWHP DQG
PHDVXUHGZLWKWKHODVHUWUDFNHU
7KH UHVXOWV RI WKH GLVWDQFH DFFXUDF\ '$ RI WKH
FRYHUHGLQFUHPHQWDUHVKRZQLQWDEOHWRJHWKHUZLWKWKH
HPSLULFDO VWDQGDUG GHYLDWLRQ V$ )XUWKHUPRUH WKH
LQGXVWULDOURERW¶VDFWXDOPRYHPHQWVDUHFRPSDUHGWRWKH
FRQWURO¶VGHIDXOWYDOXHV7KLVUHVXOWLVWKHYDOXH',RIWKH
LQGXVWULDO URERWV¶PRWLRQVWHSVDVZHOODV WKHUHVSHFWLYH
HPSLULFDOVWDQGDUGGHYLDWLRQV,
7DEOH5HDFKHGDFFXUDF\IRUWKHVWUDLJKWURXQGSURILOH
 [>PP@ \>PP@ ]>PP@ $>@ %>@ &>@
'$      
V$      
',      
V,      

7KH NH\ YDOXHV IRU GHWHUPLQLQJ WKH DSSURDFK¶V
HPSOR\DELOLW\ ZHUH GHWHUPLQHG ZLWK WKH WHVW VHW XS
VKRZQLQILJXUH

7KHGHWHUPLQHGYDOXHVRIWKHGLVWDQFHDFFXUDF\RIWKH
LQGXVWULDO URERWV¶PRWLRQ VWHSV VXIILFH IRU JXDUDQWHHLQJ
WKHDSSURDFK¶VIXQFWLRQDOLW\2QDYHUDJH WKHYDOXHVIRU
WKH UHDFKHG GLVWDQFH DFFXUDFLHV OD\ DW PP
WUDQVODWLRQVDQGRULHQWDWLRQV7KHSHUPLVVLEOH
MRLQW JDS IRU WKH DOLJQPHQW RI MRLQLQJ SDUWQHU OD\V DW
PP7KXVWKHUHDFKHGGLVWDQFHDFFXUDF\UHVXOWVWR
EHIDUEHWWHUWKDQWKHPLQLPXPUHTXLUHPHQWV
([DPSOHVRIDSSOLFDWLRQ
'LIIHUHQW MRLQLQJ SDUWQHUV ZHUH VHOHFWHG DQG
H[DPLQHG LQ RUGHU WR YDOLGDWH WKH DSSURDFK ZLWK UHDO
MRLQLQJH[DPSOHV)LJXUHGHSLFWV IRXU W\SLFDO W\SHVRI
MRLQWV RI VXSSRUWLQJ VWUXFWXUHV 7KHVH VXSSRUWLQJ
VWUXFWXUHV DUH RQO\ VXLWDEOH IRU IRUFH IUHH MRLQLQJ
SURFHVVHVIRUH[DPSOHODVHUEHDPZHOGLQJ7KXVIULFWLRQ
VWLUZHOGLQJLVUHVWULFWHG>@
7KH UHVSHFWLYH WHVWV ZHUH FDUULHG RXW ZLWK WKH
SUHYLRXVO\GHVFULEHGSURWRW\SLFDOWHVWVWDQGGHVLJQHGIRU
DFWXDOSURGXFWLRQFRQGLWLRQV

)LJ'LIIHUHQWFRQQHFWLRQW\SHV
,Q WKH ILQDO YDOLGDWLRQ VWHS RI WKH VROXWLRQ IRU WKH
IL[WXUHOHVV DXWRPDWHG VSDWLDO DOLJQPHQW RI MRLQLQJ
SDUWQHUV WKH VROXWLRQ ZDV DSSOLHG IRU IRXU FRQQHFWLRQ
W\SHV WKDW DUH UHOHYDQW IRU IUDPH VWUXFWXUHV $OO WHVWV
SURYHG WKH HPSOR\DELOLW\ RI WKH VROXWLRQ IRU WKH
DOLJQPHQWRIMRLQLQJSDUWQHUVWRZDUGVRQHDQRWKHU
$IWHUWKHDOLJQPHQWSURFHVVWKHPD[LPXPUHPDLQLQJ
JDSEHWZHHQWKHMRLQLQJVXUIDFHVPHDVXUHGPP2Q
DYHUDJH D UHPDLQLQJ JDS RI PP ZDV DFKLHYHG
7KXVWKLVYDOXHOLHVIXQGDPHQWDOO\EHORZWKHPD[LPXP
SHUPLVVLEOHMRLQWJDSIRUMRLQLQJRSHUDWLRQVRIPP
7KLV DOLJQPHQW DFFXUDF\ DOORZV KLJKHU DVVHPEO\
DFFXUDF\ LQ FRPSDUH WR D FRQYHQWLRQDO DOLJQPHQW ZLWK
LQGXVWULDO URERWV ,Q *HQHUDO WKH DOLJQPHQW RI MRLQLQJ
SDUWQHUVLVFRQGXFWHGYHU\FORVHWRWKHMRLQLQJDUHD7KH
WROHUDQFHVRIFRPSRQHQWVKDYHWKHUHIRUHDVPDOOLPSDFW
RQDOLJQPHQWDFFXUDF\>@
6XPPDU\
$QRYHODSSURDFKIRUWKHVSDWLDODOLJQPHQWRIMRLQLQJ
SDUWQHUV KDV EHHQ GHYHORSHG DW WKH ZEN ,QVWLWXWH RI
3URGXFWLRQ6FLHQFHIRUWKHDVVHPEO\RIIUDPHVWUXFWXUHV
7KH DSSURDFK DOORZV WKH DOLJQPHQW RI MRLQLQJ SDUWQHUV
ZLWKRXW WKH XVH RI IL[WXUHV ,W LV EDVHG RQ FRPSRQHQW
LQKHUHQWPDUNLQJV7KHDSSURDFKHQWDLOVWKHPDWKHPDWLF
GHVFULSWLRQ RI H[WUXVLRQ SURILOHV RQ WKH EDVLV RI '
FRRUGLQDWHV\VWHPVWKHGHVLJQGHWHFWLRQDQGHYDOXDWLRQ
RI FRPSRQHQWLQKHUHQW PDUNLQJV DQG DQ DOJRULWKP IRU
WKHDOLJQPHQWRIWKHFRPSRQHQWSRVLWLRQ
7KHIDFWWKDWFRPSRQHQWLQKHUHQWPDUNLQJVDSSOLHGWR
WKHFRPSRQHQWVXUIDFHDUHXVHGUHSUHVHQWVDQDGYDQWDJH
EHFDXVH WKH ORFDWLRQ DQG RULHQWDWLRQ RI URWDWLRQ
V\PPHWULFDO SURILOHV ZKLFK DUH RIWHQ XVHG IRU IUDPH
VWUXFWXUHVFDQEHLGHQWLILHGDFFXUDWHO\
$FNQRZOHGJHPHQWV
7KH ZRUN LV EDVHG RQ WKH LQYHVWLJDWLRQV RI WKH
VXESURMHFW&³)OH[LEOHPDWHULDOKDQGOLQJV\VWHPVDQG
PHDVXUHPHQW WHFKQRORJ\´  RI WKH 7UDQVUHJLRQDO
&ROODERUDWLYH 5HVHDUFK &HQWHU7UDQVUHJLR  ZKLFK LV
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NLQGO\ VXSSRUWHG E\ WKH *HUPDQ 5HVHDUFK )RXQGDWLRQ
')*
5HIHUHQFHV
>@ 5XFK '  3RVLWLRQV XQG .RQWXUHUIDVVXQJ UlXPOLFK
JHNUPPWHU3URILOH DXI%DVLV EDXWHLOLPPDQHQWHU0DUNLHUXQJHQ
6KDNHU9HUODJ$DFKHQ,6%1
>@ )ULHGULFK+(:HUNVWRIIWHFKQLVFKH,QQRYDWLRQHQIUGLH
)DKU]HXJNRQ]HSWH GHU =XNXQIW Ä9LVLRQ $XWRPRELO³ 
+DQGHOVEODWW-DKUHVWDJXQJ$XWRPRELOWHFKQRORJLHQ0QFKHQ
>@ +X6-.R-:H\DQG/(O0DUDJK\+$/LHQ7..RUHQ
< %OH\ + &KU\VVRORXULV * 1DVU 1 6KSLWODQL 0 
$VVHPEO\ V\VWHP GHVLJQ DQG RSHUDWLRQV IRU SURGXFW YDULHW\
&,53$QQDOV±0DQXIDFWXULQJ7HFKQRORJ\
>@ /LHQ 7. 5DVFK )2  +\EULG $XWRPDWLFPDQXDO
$VVHPEO\ 6\VWHPV &,53$QQDOV ±0DQXIDFWXULQJ 7HFKQRORJ\

>@ 7HNND\D$( %DLHU+ %LHUPDQQ' )OHLVFKHU - 6FKXO]H
9=lK0)3LHW]ND' ,QWHJUDWLRQYRQ8PIRUPHQ7UHQQHQ
XQG )JHQ IU GLH IOH[LEOH )HUWLJXQJ YRQ OHLFKWHQ
7UDJZHUNVVWUXNWXUHQ±'HU6)%75(UJHEQLVEHULFKWGHU3KDVH
,,)RUWVFKULWW±%HULFKWH9',5HLKH1U'VVHOGRUI9',
9HUODJ,6%1
>@ 0XQ]LQJHU & /DQ]D * 5XFK ' (OVHU - *HUEUDFKW 7
.|KOHU*2FKV$6FKQHLGHU0ZW:HUNVWDWWVWHFKQLN
RQOLQH )OH[LEOH +HUVWHOOXQJ JHNUPPWHU 6WUDQJSUHVVSURILOH
S
>@ (OVHU-5XFK'6FKQHLGHU0.|KOHU**HUEUDFKW72FKV
$0DUUp0%HFNHU'6HOYDJJLR$+XEHU65XKVWRUIHU
0 3UR]HVVNHWWH ]XU IOH[LEOHQ +HUVWHOOXQJ OHLFKWHU
7UDJZHUNVVWUXNWXUHQ±6WHLJHUXQJGHU4XDOLWlWXQG=XYHUOlVVLJNHLW
,Q=:)±=HLWVFKULIWIUZLUWVFKDIWOLFKHQ)DEULNEHWULHE-DKUJDQJ
 %DQG  9HUODJ &DUO +DQVHU 9HUODJ0QFKHQ 6HLWH

>@ )OHLVFKHU-(OVHU-6SDWLDODOLJQPHQWRIMRLQLQJSDUWQHUVZLWK
RXW IL[WXUHV EDVHG RQ FRPSRQHQW LQKHUHQW PDUNLQJV ,Q
3URFHHGLQJV RI WKH WK &,53 &RQIHUHQFH RQ $VVHPEO\
7HFKQRORJLHVDQG6\VWHPV$QQ$UERU0LFKLJDQ
86$
>@ %RQH*0&DSVRQ'9LVLRQJXLGHGIL[WXUHOHVVDVVHPEO\
RI DXWRPRWLYH FRPSRQHQWV 5RERWLFV DQG &RPSXWHU,QWHJUDWHG
0DQXIDFWXULQJ
>@ -D\DZHHUD 1 :HEE 3  $GDSWLYH URERWLF DVVHPEO\ RI
FRPSOLDQW DHURVWUXFWXUH FRPSRQHQWV 5RERWLFV DQG &RPSXWHU
,QWHJUDWHG0DQXIDFWXULQJ
>@ :DWDQDEH $ 6DNDNLEDUD 6 %DQ . <DPDGD 0 6KHQ *
$UDL 7  $XWRQRPRXV 9LVXDO 0HDVXUHPHQW IRU $FFXUDWH
6HWWLQJ RI :RUNSLHFHV LQ 5RERWLF &HOOV &,53 $QQDOV 
0DQXIDFWXULQJ7HFKQRORJ\
>@ 3DUN(-0LOOV -.'2)/RFDOL]DWLRQRI6KHHW0HWDO
3DUWV LQ )L[WXUHOHVV $VVHPEO\ 6FKHPH VW ,QWHUQDWLRQDO
6\PSRVLXPRQ5RERWLFV0RQWUHDO&DQDGD
>@ )OHLVFKHU -/DQ]D*2WWHU0(OVHU - 6SDWLDO DOLJQPHQW RI
MRLQLQJ SDUWQHUV ZLWKRXW IL[WXUHV EDVHG RQ FRPSRQHQW LQKHUHQW
PDUNLQJV ,Q -RXUQDO RI 0DQXIDFWXULQJ 6\VWHPV (OVHYLHU
KWWSG[GRLRUJMMPV\
>@ 0XQ]LQJHU&/DQ]D*5XFK'(OVHU-&RPSRQHQW
VSHFLILF VFDOH IRU LQOLQH TXDOLW\ DVVXUDQFH RI VSDWLDOO\ FXUYHG
H[WUXVLRQSURILOHV3URGXFWLRQ(QJLQHHULQJ
>@ )OHLVFKHU -0XQ]LQJHU&/DQ]D*5XFK'3RVLWLRQ
DQGFRQWRXUGHWHFWLRQRIVSDWLDOO\FXUYHGSURILOHVRQWKHEDVLVRID
FRPSRQHQWVSHFLILF VFDOH &,53 $QQDOV  0DQXIDFWXULQJ
7HFKQRORJ\
>@ 0=lK0.URQWKDOHU6+XEHU05XKVWRUIHU):LUWK
9', )RUWVFKULWW%HULFKWH )JH YRQ /HLFKWEDXVWUXNWXUHQ PLWWHOV
5KUUHLEXQG%LIRNDO+\EULG/DVHUVWUDKOVFKZHLHQ5HLKH1U
9',9HUODJ'VVHOGRUIS
